This work was carried out to investigate the efficacy of static and intermittent gravity inverted therapy techniques in improvement of motor apraxia and cognitive abilities in Autism Spectrum Disorder (ASD). 30 children were randomly joined in this study into two groups; Group A (sensory integration therapy approach plus static and intermittent inversion therapy techniques) and Group B (sensory integration therapy approach only). Block design test was used to locate and follow constructional apraxia, computerized information processing speed test to locate and follow cognitive processing and grooved pegboard test was used to locate and follow fine motor skills. The variance between pre-and post-treatment results was highly significant in the study group in all variables.
Introduction
The gravity is a friend to normal alignment posture but produce a harmful impact on malalignment posture leading to weak antigravity muscles as back and abdominal muscles leading to poor posture and muscle disturbance. Inversion therapy can manage negative impact of gravity via producing elongation of the spine, relieve pressure on the ligament and nerve root and increase body balance [1] . The spine has been got free from gravity stress, widening of the vertebral space with lengthening of the body [2] .
Zero gravity position is considered the lowest gravitational force act on the spine and body. The different inversion therapy inclinations put the posture in zero gravity position which modulate the effects of gravity and allow for proper circulation, spine and extremities proper alignment. This also named weightlessness position in which the level of feet is higher than the level of the heart [3] . The weightlessness position takes the forces of gravity away from the spine produce relaxation of the spine and extremities muscles [4] . In inverted head posture there is freshly oxygenated blood efficiently directed toward active areas of the brain [5] leading to increasing of the cells exchange of nutrients and waste products with the capillaries leading to increase the availability of oxygen and glucose which are considered the most vital substrates for the brain [6] .
There are two types of inversion therapy techniques. The first one is called static inversion which is aiming for stretching the spinal column releasing the nerve root compression. This technique require specific tilting angle for a few minutes. The second technique is the intermittent inversion which produced intermittent rocking motion between upright and inverted position. The cycle of intermittent technique lasts for 20 -30 seconds aiming for improving of freshly oxygenated blood to brain areas [7] . ASD children were suffering from flexion attitude of posture with lack of reciprocal movement between upper and lower limbs, involuntary stereotyped movement, dyskinesia, language disorder, slow, lack of reaction, repetitive impulsive movement and slow tiptoes walking [8] . There is also apraxia and balance impairment [9] . Motor skills is considered the essential core for learning different skills such as social, communication and perceptual skills which are in a bad needed to be developed in ASD [10] .
The direct benefits of the inversion therapy are improving of the lymphatic system and increase of venous return produce facilitation of the autonomic nervous system and its baroreceptors increasing oxygen flow to the brain centers and remove of the waste products into the venous system, inhibit the spasmed and tight muscles in scoliosis, spinal muscles spasm leading to improve of original body posture and decreasing of recovery time [11] . Other mechanical bene- 
Materials and Methods

Demography
30 autistic spectrum disorder (ASD) children from both sexes were randomly selected from schools of intellectual education, aged 8 to12 years at the time of recruitment because the children in this age who can understand the research work principles and rules were entered in the study. Body weight, height and level of ambulation via gross motor function measure were recorded for each subject. The inclusive criteria were (lack of reaction, flexion bad posture, slow walking, skills apraxia, balance impairment and lack of cognitive abilities). Excluded criteria were (spinal instability, blood disease, laxity of ligaments, ocular problems, children who had previous heart, spine and brain surgery).
Sample Collection
Children were randomized to:
Group A (experimental group): It contained 15 autistic children. They received sensory integration therapy approach plus static and intermittent inversion therapy technique.
Group B (control): It contained 15 autistic children receiving sensory integration therapy approach only. Informed consent was obtained from all children in both groups.
ASD is a genetic mutation disorder suffering from sensory integration disorder in cerebellum and basal ganglion which is the step before acquisition of new skills so there are impaired of gross, fine, ADL, communication and social skills.
Motor dysfunction management in ASD is a key and neck bottle that should concern with it to provide an efficient rehabilitation program to improve primary behaviour problems as cognitive, social and communicative skills.
Outcome Measurements
1) Constructional apraxia test: By using block design test, the child was asked to perform a building tower task or copying a design. − The time was calculated in seconds. The maximum time for performance was up to 180 seconds whether or not the task completed. − The accuracy of performance was calculated by counting the numbers of trials correctly constructed [15] . Low reaction time leaded to poor motor planning and every stage of motor learning. − Simple reaction time: The child pressed a specific key in response to see a letter on the computer screen (motor speed). − Choice reaction time: The child was given one of two words and asked to choose by pressing on the key (decision making) [15] .
3) Fine motor skills test: By using grooved pegboard test, the children performance efficiency was measured via calculating the time of performing pegs in the appropriate groove.
Intervention
The way to improve learning process in ASD is the facilitation of information processing which improved the CNS neural plasticity mechanism leading to increase of new synaptic connections and reorganizations besides new neural circuits and neurogenesis.
For both groups before and after treatment:
Physical problems of ASD: 1) Visually incoordination.
2) Undeveloped muscles lead to reduced muscle tone. 6) To improve sensory motor integration training.
7)
To correct posture alignment [23] .
Sensory integration therapy concern with improvement of the fine and gross motor development, visual motor integration, balance and postural control, tactile, vestibular, proprioceptive sensations, coordination and motor planning [18] .
The role of SIT approach for autistic children include the controlling of sensory feedback from vestibular sensations and muscles, joints and skin sensations to help child to readjust the specific reactions via enable them to perform correctly interpretation of sensory informations [24] . Sensory motor integration therapy focused on interactions between sensory process, neural mechanism and behaviour. It is indicated in cerebral palsy, ASD and attention deficient syn-
Proprioceptive training: − Weight bearing training as hand weight bearing, positioning and reciprocal movement of upper limb. − Dynamic approximation for all joints.
− Pushing and pulling a weighted ball.
− Dressing of weighted clothes.
− Holding a hide subject from sand or beans.
Cortical sense training: − Different material characteristics to stimulate stereognosis skills as different object size, shape, weight and texture of materials.
The sensations types include the 1st proprioception sense comes from joint and muscle for detecting position and movement which is followed by motor response, the 2nd surface sense touch, pressure, heat, pain which localized in sensory cortex area 3, 1, 2. The 3rd one is the cortical sense as stereo gnosis in which child has the ability to differentiate between shape, size and texture of material [28] [29] .
Extroceptive training: − Pressuring, brushing and scrubbing extremities and back. − Standing on one foot, walking on balance board, swinging on balance board, swinging training, walking on one line, side walking and by pass walking.
In the treatment of proprioceptive impairment, the child suffered from postural imbalance, repeated falling, inability to perform ADL activities, inability to carry heavy object, attached weight on hand, ankle and back and weight bearing and approximation training [26] .
The experimental group (Group A) received static and intermittent inversion therapy approach as following:
Inversion therapy is a form of mechanical treatment in which the child is strapped at both ankles in inversion tables. The children were gradually tilted to a head down position in static and intermittent inversion therapy. Inversion therapy techniques are indicated in patients with motor apraxia and mild cognitive skills impairments [30] .
There are different inversion therapy tools as: 1) Head backward over physio-ball.
2) Inversion table.
3) Inversion chair. Someone had blood disease, epileptic seizure, neck and head, heart and chest surgery, ocular problems, increased intracranial pressure, spinal instability, joint hypermobility, uncooperative and semiconscious patients [30] .
Precautions: must be followed to prevent and protect children from any harm.
1) Invert slowly then return slowly and progress slowly.
2) Be careful inversion therapy did not like other exercise therapy. It produced stretching and manipulation at the same time.
3) Invert only to a comfortable angle. Full inversion to 90 degree isn't required to all patients.
4) Invert for a short period of time (static 1 -3 minutes, intermittent 5 -10 minutes per session.
5) Heart rate, respiratory rate, pulse rate and breath hold should be monitored before and after the session. and from 45 -60 degree for last 4 weeks). It improved fresh oxygenated blood to the brain areas due to increased blood circulation [7] .
Statistical Analysis
SPSS statistical package was used to calculate p value via dependent and independent t test. Statistical significance was determined at p < 0.05.
Result
Patients' Characteristics
The patient's characteristics were displayed in Table 1 . There were 24 boys (80%) and 6 girls (20%). There was no representative difference in all children in regarding age (p = 0.8829), in regards to sex (p = 1.0000).
Changes in Constructional Apraxia Variable
Mean test scores and SD for the two groups are displayed in 
Mean test scores and SD for the two groups are displayed in (Table 3 
Changes in Cognitive Processing Variable
Mean test scores and SD for the two groups are displayed in Table 4 . The mean record of cognitive processing variable in both groups (assessed by motor speed test) at baseline measurement (pre-treatment and post treatment) were 
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Changes in Cognitive Processing Variable
Mean test scores and SD for the two groups are displayed in Table 5 
Changes in Fine Motor Skill Variable
Mean test scores and SD for the two groups are displayed in Table 6 . The mean record of fine motor skill variable in both groups (assessed by grooved pegboard test) at baseline measurement (pre-treatment and post treatment) were insignificant (p > 0.05). Besides study group had a highly statistical progress in 
Discussion
The sensory system plays an essential and vital role in skills development. ASD has an incoordination between the received feedback by the sensory system and the motor commands response by the higher centers [31] . The sensory system composed of two systems. The external one include the vision, smell, taste, hearing and tactile stimulation [32] . In addition to the internal one which include vestibular and somatosensory sensations [33] . This system filled in the gap between brain processing to feedback and different body parts for initiation and producing of movement [32] [34] [35] as in Figure 1 .
Lowest fascial expressions with delayed eye contact were the main causes of delayed social skills [38] . Poor motor coordination and motor delay are the main causes of clumsiness and gait abnormalities [39] . The other motor impairments in ASD include reduced muscle tone due to undeveloped muscle and clumsy uncoordinated movement plus delaying in motor and posture activities plus perceptual motor integration functions [8] as in Figure 2 .
Sensory systems retraining program via sensory integrating approach provided the CNS with the essential feedback inputs to correct the sensory processing problems. This will lead to enhancement of the motor planning which lead to improve the quality of activity of daily living and skills [40] . World Journal of Neuroscience Sensory integration approach reorganize of the link between learning difficulties and impaired sensory processing [41] . The main problem which facing ASD is the incorrect interpretation of sensory processing which leaded to poor motor plan and abnormal motor behavior [42] . The sensory and motor abnormalities that present in autism include disorders in perception of sound, vision, smell, taste, tactile plus the proprioception sensation. These abnormalities are present in hyper and hypo responsiveness to sensory input [43] . These sensory abnormalities prevent acquisition of new skills which interfere with ADL activities, fine motor skills, social and communication interaction [16] [44].
The child will develop skills when tactile sense was properly perceived. Development of body awareness produced intentional movement. Children who suffered from impairment tactile sense had difficulty in learning new skills leading to delaying in gross and fine motor skills plus delaying in independent daily activities [25] . The autistic children suffered from motor impairment as slow walking, gait abnormality, short stride length, increase knee flexion and impaired reciprocal upper limbs movement [46] . 
Conclusion
According to the outcomes of this study, it can be terminated that the sensory integration therapy approach plus static and intermittent inversion therapy techniques can be recommended in improvement constructional apraxia and cognitive processing abilities in autism spectrum disorder (ASD) children.
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